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@ VentilbetatigungsmechanismusfOr eine Verbrennungskraftmaschine 

Zur optimalen Ausnuteung der im Kraftstoff enthaltenen 
Energie wahrend aBer Betriebszustande einer Verbren- 
nungskraftmaschine wird diese mK emem VenUlbetafr 
gungsmechanisrnus ausgestattet. der as erlaubt. die den 
Ladungswechsel steuemden Organe wie z. B. Venule opti- 
mal fur Jeden beHebiflen Betriabsiustand »u betatlgan. 
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PatentansprQche 



1 Ventilbetatiguiigsmechanismus fQr eine Verbren- 
nungskraf tmaschine mit mindestens emer Zylinder/ 
Kolben-Eihheit, mit mindestens. einem. AuslaB und 5 
den jeweiligen Zu- und Abffflirsystemen fur das 
Arbeitsmedium, gekennzeichnet dure* eine An- 
ordnung zur wahlweisen und geregelten Anderung 
des Betriebes des Einlasses und/oder des Auslasses, 
wobei die Anordnung wenigstens em veranderh- 10 
ches Parameter in Form eines Kennfeldes oder ei- 
ner Kennlinie aurweist, das oder die beiiebig kom- 

binierbarsind ' ' . * - v 4 

Z VentUbetatigungsmechanismus nach Ansprucn i, 
dadurch gekennzeichnet, daB das oder die Parame- 15 
ter oszillierenden, rotierenden oder linearbewegten 
Charakters ausgefuhrt sein konnea 
3 VentilbetStigungsmechanismus nach Ansprucn 1, 

dadurch gekennzeichnet, daB die Bewegung des 
oder der Parameter fiber die Bedienungselemente 20 
der Maschine manuell von Hand und/oder auch 
automatisch mechanisch oder rechnergesteuert er- 

4°Ventilbetatigungsmechanismus fur eine Verbren- 
nungskraf tmaschine nach Anspruch 1, dadurch ge- 25 
kennzeichnet, dafi der Motor in einem Kraftfahr- 
zeug installiert sein kann und daB die Bewegungen 
des einen oder der Parameter durch ein mit der 
Bremse des Kraftfahrzeuges zusammenwirkendes 
Gestangeausgelost werden. 30 

5. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB das oder die Teiie des Systems seine oder 
ihre Position zwischen seiner oder ihrer Ffihrung 35 
und den zur Erzeugung der jeweils gewunschten 
Ventilbewegung notwendigen Abtastflachen an 
den Ventilen und den Nocken verandern kann oder 
konnen. Diese Positionierung kann durch Schwen- 
ken und/oder Drehen des Systems oder von Teilen 40 
des Systems hervorgerufen werden. 

6. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB das System zur Erzeugung der gewQnsch- 45 
ten Ventilbewegung exzentrische oder ahnlich ge- 

f ormte AbtastflSchen und/oder bewegungsQbertra- 
gende Elemente besitzt, die beiiebig zur Erzeugung 
der jeweils gewunschten Ventilbewegung herange- 
zogen werden konnen. 

7. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB der Mechanismus mit mindestens einem 
Gelenk oder einer speziellen Form ausgestattet ist, 55 
die es dem System mdglich roachl, die an dem oder 
den Parametern erzeugte Bewegung in eine ge- 
wfinschte ventiltypische Bewegung umzusetzea 

8. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 60 
vorhergehenden AnsprQche, dadurcn gekennzeich- 
net, daB das System es ermoglicht, die Druck- 
schwingungen des Arbeitsmediums fiber den ge- 
samten Drehzahl- und Lastbereich durch ideale 
Ventilhube und angepaBte Ventilsteuerzeiten opti- 65 
ma! zu nutzen. 

9. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 



vorhergehenden AnsprQche, dadurch gekennzeichr 
net, daB das System es ermdglicht, den Motor mit 
Magergemischkonzepten betreiben zu konneit 
10 Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB die Bewegung des oder der Parameter in 
Abhangigkeit von der Motordrehzahl von Hand 
und/oder automatischgeregeltwird 

11. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden Anspruche, dadurch gekennzeich- 
net, daB die Bewegung des oder der Parameter in 
Abhangigkeit von der Motorbetriebslast von 
Hand/oder ampmatisch geregdt wird 

12. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mh einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB dieser Motor eine Verbrennungskraftma- 
schine ist und das System zur Regelung der Zusam- 
mensetzung der AuslaBgase herangezogen werden 

kann. . . . , 

13. Ventilbetatigungsmechanismus, insbesondere 

zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB es sich bei dem verwendeten Motor um 
eine Verbrennungskraftmaschine handelt und das 
System dem verbesserten Verbrennen verschiede- 
nerKraftstoffedient 

14. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB das System es ermoglicht, einen Teil des 
sich bereits im Brennraum des Motors befindenden 
Arbeitsmediums beim Kompressionstakt durch 
den zum oberen Totpunkt strebenden Kolben wie- 
der zuruck in das Zuffihrsystem des Arbeitsme- 
diums zu pressen. . 

15 Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB die Anordnung auch dazu verwendet wird, 
umdeiv Motor zubremsen. 
16. Ventilbetatigungsmechanismus, mbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB das System zum Variieren des wirksamen 
Kompressionsverhaltnisses des Motors verwendet 

17!%entabetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB das System zum Variieren der wirksamen 
Kapazitat des Motors dient 

18. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, dafl das System zum verbesserten Starten des 
Motors verwendet wird. . 

19. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung rait einem Motor nach einem der 
vorhergehenden AnsprQche, dadurch gekennzeich- 
net, daB der EinlaB und der AuslaB jeweils aus ei- 
nem oder mehreren Ventilen gebildet werden und 
daB das System die Dauer und den zeithchen Ad- 
lauf der VentilSffnung variiert 

20. Ventilbetatigungsmechanismus, insbesondere 
zur Verwendung mit einem Motor nach einem der 
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vorhergehendenAnspLe.dadurchgeken^- *SS-tgS££^ 

net ,daB EnlaBund A^IaBaus J"*h«2°£ ^StSeSSdi.M.torgeon.ettiettjr. 

mehreren Venulen gebfldet werden und daB das ao nsver Anderung meistens nicht 

r^S^^^^ siS^XSddesUufsdesMotorsnicht.o.nen- 

zu'r Verwendung rait einem Motornach .einem der %^'™7 e ^ Erfindung ist e ine Verbremiungs- 
vorhergehendenAnsprflchc.dadu^gekennzeich- ^^e^SbSd^dieobenbeschricb^ 
net ,daBdasVentispieldurc^ ^K^ge^S^ 

des Betriebes temperaturabhangig und/oder dreh- " e "^™ 8 ^ ^ ein va ri a bel wirksames Kompres- 
zahlabhangig und/oder ^bhfpg .^d/od^ to jJJ-^XS Variabel wirksame £pa- 
nach einem anderen fte Ventikpiel wicht^en Fak- JgJJJ^ ^ ^ Weherb adung der Erfindung 
torvonHandoderautomatschgeregek^ . XeStOT^beltskainmemntfleinitvariabler An- 

22. Ventfbetltigung^^ »D der Motonu ^ ^ ^ 

zur Verwendung mrt einem Motor nacn einem der ne .^'f Kanaziiat eebaut werden. bei der die 

vorhergehend^Ans^ « ^"J^rK 

net, daB zur Herstellung d «, Be ^ rto ™' g ,f Schkri der Hcnibsetzung der effektiven Kapazhat 

trieben werden. niemeisten Motoren habenfeste Ventileinstellungen, 

23. Venmbetatigungsmechanismus, ^ondere ^"S^S^e^etoeridealer Einstellungen 
zur Verwendung mit einem Motor ™ch «nem der d* ^KSetriebsbedingungen sind. Es ist daher 
vorhergehenden Anspruche, dadurch S^mz^h- J^JJJJ'JJ ^ Verwendunfvon einem oder mehre- 
net,daBdasSystemeserm6^^^^^ * ventilf insteDungen unter alien 
zyUndermotor einzelne oder mehrere Zylmder zur « r rara f ^ wodurch eine 
VerrmgerungderwirksamenKapazitatabzuschal- J^^^ 

ten. bessere Kraftstoffausnutzung und/oder Ubereinsthn- 

Bes<*reibun g so -jjj**- gjg;^ 

DieErfindungbet^^ J^iStt^ 

nismus for eine Verbrennungskraftmaschme mit mmde- zur v«t^n * Ke f betrifft ^ R 2 -Taktmo- 

stens einer Zylinder/Kolbeneinhert «^ens e - ^ ^XSXslaB von Ventflen im Zylinderkopf oder 

nemEinlaB,mindestensememAuslaB und den ewedi- 35 ore* a £™ d bndet ^ Die wirksamkeit 

gen Zu- und AbfOhrungssystemen fur das Arbe.tsmed.- ^^jjg^^ h8ngt in betrachtlichem MaBe 

uia . _ \. . m u mr iM* n «?teuer- von der Proportion von Luft/Kraftstoff-Gemisch und 

Es ist wunschenswei% Motoren nut variables 1 Steuer von aer p ztfndefffillung ab. Ferner ist es 

zeiten und/oder VentilhOben zu haben. Mn «nem imt ^ a ^t£. ^ie die relevanten Ladungsbestandtefle 

einem derartigen System ausgerusteten Motor wirdei- 40 "g^fS wll«nd der Verbrennung verteilt sind. 

ne ganze Reihe von Vorteilen eraen. b esserunK m der Fullungszusammensetzungs- 

Ein Motor mit Jteuerbarem ^ablef Kompre^ons- Erne ^rbesa* ung in fa der mecha . 

verhaltnis ermoglicht die Anderung [der Verhateuswbei ""EHrntaniteit und folglich zur Kraftstoffeinspa- 

kaltemMotoroderbeiStartendeshtotors.wodurchd^ d ^ D £serte mechanische und thermo- 

StartenemfacherwkdDie^^ « ^f^*XS mkelt dfer .rfiiiduiiglcemlB .«nge> . 

spielsweise wflrde bei einem vor^cl^ oder W- <£2b^ Weiterbildung der Erfindung soli es mit 
t^Z^r^T?^ . dem Mpmoglich sei* veUedene Kraftstoffe « 

den Mangel an Udedruck infolge ^SSL™ ^e Aufeabe der Erfindung wird durch eine Verbren- 

dung kompensieren. Em we>terer vielleicht wichtigerer beschriebener Art gelost, 

Vorteil eines Motors mit vanablem Kompre^.onsver- ^J^^^l g^ennzeichnet ist durch eine 

haltnis wurde darin bestehen, daB der Kraftetoff immer ^^Xir^S^n und geregelten Anderung 

bei optimalemVerdichtungsverhahmsfflr erne gegebe- 55 ^^^^^^^ 

ISS^W^T^* 1 ^ ^SffSS elfp^metersteuerung, die 

die bei der Verbrennung emer gegebenen Kraftstofi ^~J* d . m Ve ntfltakt und die Anhebung 

menge erzielbare Arbeit, siebe Anhang A.) 60 w Xeise und gesteuert variieren kSnnen, auch dann, 

Motoren sind fOr ein sokhes Kompressionsverhaltna ^aluweBe unfl If"™^ . , n der fo i gende n Be- 
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und DrosseNappenvenuie* Scniebern, ScMtzen, To- j^^-tff^ 
^SrfindungbeziehtsichinsbesondereaufVerbren- wird vorgeschlageMaE M^>££££ 

rnmrnm 

^K iSeSpfvolumen im oberen Totpunkt- 55 flnbmd ist, ^^.^^'^titSSi 
zentrura des Koropressionstaktes von 50 cm 3 hat, dann zwei Beispielen wd ersichtbch, JJJJ^jy^ 
ha?Sr Mo or ein geometriscnes Vcrdichtungsverhalt- Motoren nicht in der von ihaen geforderten to t und 
nb von 11 : 1. Es ist erkennbar, daB die beiden obigen Weiseekonon^chimt toenfoatooffa ^verfahren. 
Kele ein wirkliches oder effektives Kompressions, Ebenso verfahren konventionene MotorenJbei der 
SS S vo„10:lbzw.l7:l aufweisen. GemaB der «, Erzeugung ihres ^S^SS^^JS^ 
Erfindune wird vorgeschlagen, dieses effektive Kom- mentverlauf ernes Motors kann m etwa die spealiscne 
pTeS^^ gesteuert durch Ab- Verbrauchskurve '^Z^^^eM 

tossen eines Teils der bereits angesaugten Ladung wah- indirekt proportional zur Drehraomento^e verlfluiL 
S des Kompressionstaktes !u variierea Es ist er- Ein Motor eines PkWs der ^ be "^ M 1 ^^ "J 
kennbar,daBbeiAb]assenvon50cm 3 imFalldesoben- 65 z.B. sechs Zyhndern und -"^^WESSt bd 
Sahnten naturlich ansatigenden Motors nur 400cm 3 3000 cm erzeugt z. B sem J>g»DrJhnjm«tb« 
Ladung zum Ausfflhren der Arbeit verbleiben, was eine emer mitUeren DrehzaW. £ B. bti 
Verminderung des wirksamen Kompressionsverhaltnis- und unterhalb dieser Drehzabl fallt das Drenmoment 
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m ehr oder wenigerab-Wird nun vomFah^ gg ^J^^^^l^ 
wOnscht.dievolleUbtungvonangenonmencn^ M^dtogsfofm des crfndungsgemiflen 

bei6500U/p m einzusetzen,»gesch.ehtd.esnurdu^ vStgSgSanismusses ist auch auf Diesel- 
ErhohungderlJrehzahL^ Venttbe ^Sofflcompresslons^dungsinoto. 
gen im Stadtverkehr zu betreiben, so kann das beste 5 fe Hier s j e sich verstllrkt auf die 

Drehmoment bei 3500 U/pm nicht ausreichenoV genutzt ^^^^^e,, prischluft und die ver- 
werden, da der Stadtverkehr nut semen Geschwmd^- ^JfaKiIng del Zyltaders und Brennraumes von 
keiten von ^^^^^^S^ tSSSm a™ Auch diese Anwendungsf onn d«r Er- 
laubt, den Motor im gunstigsten Dre h momen^re.ch ^uMjstauchauf aufgeladeneMotorenflbertragbar. 
zu betreiben, da 35^ U/pm schon das obere Ende der .o M^™^ ^^gsfonn eines erfindungsge- 
Stadtverkehrsgeschwmdigkertbedeutei auseebildeten Motors besteht darin,daB der Ven- 

Genau an diesem Punkt setzt nun die Erfmdungem. ^" s ^ D " 0 ^anismus es erlaubt, einen oder meb- 
DervonHiu-erfundeneVenmbetatigungsmectommm ^^g^SS^Lkniin wa hrend des 
gestattet es, das Drehmoment ^amten Dreh- ^g™;™a Se Anwendungsfonn der Er- 

zahHimezuyerrmgeraoder zuerhohen.wem « ^ ^ vom c^^hnm* des Motors 

tigt wird. Um das zu "«^^^23e5t schxittwfise oder schlagartig Bnzylmdeihubriume still- 
gungsmechanismus so ausgebildet,daB *e Venule^ sua s der Arbeitserzeugung nicht teilhaben zu 

dig so betatigt werden kSnnen, daB die verscmedenen stfflgelegten Zylinder 

Gemischschwingungen und Abgasschwuigungen , fiber kgen ^^S^rzeugu^g teimetoenVmussen ihre 
dem gesamten DrehzaMbereich optimal zur Fulhmg 20 "SelSKe Kolben, Pleuel etc. doch durch 
und Entleerung der Arbeitszyhnder und MM -ech^enTe^ ^^ bta ^ t ^ e 
genutzt werden. Dies erfol f v du ^^^ b f ^e nicht mechanisch getrennt werden. um ste jederzeK wie- 
von idealen Ventilhuben und y 6 "^ 6 "^^ d« hSeb nehmen zu k6nnen. Es ist also eine gewis- 
Drehzahl, in der der Motor betneben wird. "jJJ" durch d j e arbeitenden Zylinder auf- 
konnen die Ladungsschwingungen im "^ren ^eh- 25 Sf wfeSn von der erzeugten Leistung 
zahlbereich durch z. B. kurzere Steuerzerten, germgere »Ng *t JeTmuB. Diese Schleppleistung wfirde 
VentilsteuerzeitenOberschne.dungen und germgere ^gezogenwoe konve „tionellen Motors 

Ventilhubeangeregtundbesserausgenumwerfen.An- «g™ ™™ Sanischer Reibung. Ansaugwider- 
dererseits kann die eintretende Drosselung be, fester * b ^^^^ 

Ventilsteuergeometrie be^ 30 ^^Ker Motor erfindungsgemlB ausgebildet. 

oberen Drehzahlbere.ch durch ; J^J^g eib t „ur die mechanische Reibung, der Ansaugwt- 

groBere Ventiluberschneidung md &°™ e ™™™"™ w} r d enorm verringert, da der Motor hn An- 

2d einem erfindungsgemaB ausgebidete >n Motor jer- **stand ™rd£°™ optiinal 
hindert werden Die Erfmdungmachtes^ saugaKt nur AuslaB krGmmeni schaltD* 

big geformte Steuerzerten mit behebigen , VentuMben 35 b fmd konnen ^ & e kurze W ege fflr die 

und beliebigen VentilOberschneWungen fur jede bel^. ^ff^gSSn EnlaBventil oder die Ein- 
bigverwendeteDrehzahlundjedel^tzukombime^ iSJ^sildWibgMchateteii Zylindern wahrend 
Esistnaturlichdarauf »^^.^^tSS !£r^>£oi2?Se Kompr«sionsarbeit sinkt 
angehobenen Venule mcht mit dem .m Zyhnder laufen- ^™J^ ^ ^ Ventil ^ Ventures 
denKolbenkolhdierea w Auslasses wahrend des Kompressionstaktes optimal ge- 

Wie solche beliebig gewablten Kombmatonen zu- Au^iAaiteit sinkt ebenfaUs auf 

standekommen, wird im spateren Verlauf noch genau ^g^Jf ,£ AuslaBvent n e ebenfalls optimal 

^weitererwichugerAspekt,^ ; ^r^^SlK 

SSnneriuchdas" ermogKcht ein Lerfrndungsgen^ kSnnte de r berehs beschriebene 

ausgebildeter Motor. Der y^^SSSSSSSTi hSSdSrSX d^beren Mhtelklasse mit einer 
mus ermoglicht es, z.B. einem Mehrventilmotor, we "^V^j^^Sal^M 
z.B.einemmitvierVentaenproZyl.nderaus^estott^ so f^J™^ standgasbetrieb oder zum Be- 
Motor,daBdiebeidenEmlaBvenUleunddiebe.denAus. f^^^X^^ 
laBventDe jewefls versduedene Steuer^rter , undWer meb ™ Sta«verKenrDe ^^^^ wn 
VentilhObe und/oder Ventdflberschneidungen a^uwe> z. R *«^J3 ^ D|e dadurch keiten Vor- 
sen. Dadurch wird es z. B. moghch, ™^ ^ j j?. A^jl „ SSeraTder HandZiimStartenkaimem^^^^^ 
saugtaktes uber das erste ^Bventd em ^ghig 55 »*2gg£%L* Verwendung finden samt ei- 
Gemisch zuzufOhren und uber das zwate Ein^"™ n™ B atte rie mit eeringerer Kapazitat Auch sinken die 
ein mageres Gemisch einzuleiten, auch nachdem das ^^^S^StJ^br erhebhch, was 
erste Ventil bereits geschtossen 1st Durch die dabei be- ^ hS»S ^ den Innenstadten sehr zugute 
^S»'!a^~* - koniwm dabei eingesparten Kraftstoff einmal ganz 

Sseturch^^^ ^ 
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Ventilsitzring, auch kann es zu einer ungewtaschten erfindungsgemafl ausgebdde te V^tflbetotigimgsme- 

DehnSSf Ventnschafts fOhren. Auch kann das harte chanismus erlaubt und <^ J*** 

Aufsetzen des Ventilsjtzes auf den steuerzeiten und Ventilhube ftr jede DretohJ .und 

SSVi eMm erneuten, hier unerwunschten Lastkombmation den jewels idealen yenuToffnungs- 

TSSSto&ZSZ ^AudaBventilefQhreaDas 5 V^^}^^ Y «S^^S^S: 
f^lTnnWrXrte AufsDrineen der Ventile ffihrt wendung ernes z. B. drosselklappenlosen Vergasers da- 

Z^nZ^TZ^ Sm^ entweicht saugtraktbei^en^ 

und so nicS an deTvTrbrennung teunimmt Die im Zy- behindert wird. Die GeinischWdung ; w*d ebenfaUs 

herabeesetzten Verdichtungsverhaltnisses nicht unter und es kann wahrend des ganzen BetaebsspeKtrumsaie 

tette entstehen durch die bereits beschriebene Zersto- den. AuBerdem kann der Ansaugtrakt dadurch «■ 
rung de? ISfcta? und Ventflsitzringe. Hier entwei- mungsgOnstig .optimal ?«?6 e f det ^!^ nnnima - 

S arfgr^d derwesentlich geringeren Abdichtfahig- 15 len Ansaugwiderstandbenn Ansaugtaktbewn-kt 
keit wahrend des Kompressionstaktes Telle der Fnsch- . . „ . 

Iadung aus dem Brennraum. Auch kdnnen die Expan- Annang a 

S^a?^*^!: Bei beaten ^^f^^JZ 
T Tde°Se durch Ein- und AuslaB entweicht. Die 20 h^b ei0tt r ot0re ^ ,s V dM ^ od ^^" O ±i^: 
rieichen Nactoeile mflssen auch bei zu groBem Ventil- brennung bei vorgegebenem Verfichtung^erMtans 
?£ i n Kauf «Z werden. Einem erfindungsge- und dabe, zu hoher Last sehr hoch ^Deshal » wd z. R 
2X1 a"sSdeten Motor ist es moglicfc das Ventilspiel bei PkVs, je nach Typ, ein V«hdiW«liddH^ 
K2KE^ » 8-10.1 gewaU^je ^ 

das Ventilspiel bestimmenden Faktoren wie z.RTem- 25 Vorausseteung ist dafur, daB der Motor m alter iBe 
SatuV 3oder Last und/oder Drehzahl, optimal zu triebsbereichen auch unter Hochsdast und Vollgas nicht 
CriereoAucn der VerschleiB nach hohen Lauflei- zur klopfenden Verbrennung neigt Das .st .das MaBftbr 

l^m Abbremsen Fahrzeugs heranzuziehen. Ge- 35 etwa 30%. Eine weitere Ste.gerung ^^^^ 

rrBremSheiben und/oder Trommelbremsen besteht, Wirkungsgrad nur noch unwesenthch um etwa 2-3% 

^S£^TbS!^^<^llSd^S»^mi ^Soigend werden anhand von Zeichnungen Aus- 
d^d^teA^derBwn^WiratoAbkflli- 40 fuhrungsformenderErfindungeriautert: 

um die Bremsleistung des Motors optimal nutzen zu gungsmechammusausFig. ^™^. tmaBs ^etreu. 
Smen. SdeSdungsgemaB ausgebfldete Motor . Pig- 2A zeigt die Draufs.cht ernes werteren MerTin- 
akBr^ver^ndet,sokln^tedieAnordnungfolgen- dungsgemaB ausgebddeten Be B p.eb ernes Ventdbetati- 
deiroaBenausgebadetseinrDieEinlaBventilesindwah- 50 gungsmechanismus. 4 „ ;Kl „ > ;«„ 
renTd^BeSbes als Bremse wahrend aller z. B. vier Fig. 2B und Bg. 2C zeigen SaM»»dri«U«^ 
K wenn derMotor als Viertaktmotor ausgebildet im Schnitt des in F.g.2A als Draufacht dargesteuten 
ist R rschlossen.BeimEinlaBtakt werden die AuslaBven- Ventflbetatigungsmechamsmus. ■ 
Bremsleitung, mehr oder weniger weit ge- Hg. 3A zeigt die 8 ^«^^^S£Si 
offaet So kann die Kompressionsarbeit wahrend des 55 fiihrungsbejspiels mes .erfindungsgemaBen Ventilbeta- 
Komoressionstaktes beliebig variiert und zuni Bremsen tigungsmechamsmus.teihveise un &:taitt 
^S^S^i^Inhs^v^ytAM ng-aBzeigtemeFrontansi^mchtmaBstabsgetreu,. 

derFig.3AmitdemSchmtti4-A 

. Um einen eriindungsgemSBen Motor mit Betriebss- ^K^"™?^^ 

toff-Luftgemisch zu versorgen, ist es durch den erfin- 60 mechamsmus der Fig. 3A _und Fig. 3B .^ Mffifagen 

dungsgemaB ausgebildeten Ventilbetatigungsmechanis- Konstellationen zu einer jeweils glerchen SteUung ernes 

musm6glich.nebenkonventioneUenVergaser-undEin- Nockens. 

spritzanlagen auch solche zu verwenden, die keine Re- F.g.4A ze.gt zwei Ventderhebungskurven Mr einen 

gdung der Last und/oder drehzahlabhangigen Friscn- beliebigen Motor, fflr die ktenste und du ^ "munale 

luftzufuhrvornehmen.sondernnurdie gewunschte An- es DrehzahL Der nut Xgt k ~^ net \^ r . a ^j5; 

reicherung der Frischluft mit Kraftstoff vornehmen: Auf reich zwischen den beiden Kurven nartert dn Bereich 

So^id^Sfeber oder Shnliche den Luftdurch- der unzahligen und beliebig vielen Ventilerhebungskur- 

laB regelnde Organe kann verzichtet werden, da es der ven fflr alle anderen Drehzahlen. 
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Flg .4BzeigtdreiV^^ ££2£ g^^T^'^ 
bigeSMotorsfOrdreiverschiedeneAnwendungsgeb.e- 

te: ren FOhrunR 49 und dem Kipphebelann 3, an dem die 

Kurve a = SerienmotorausWhrang ^ Tangebracht 1st Ebenso zeigt Fig. IB audi 

Kurveb = SportootorausfOhrung das Exzenter 9 samt Exzenterwelle 10 und den Abneh- 

ander oder getrennt veranderbar. r^^n,,.,. rt immtmitR8.1CbisaufdieMontauiigdesScbiiittes 

Fig.4D zeigt erne weitere schematesche ■Darstdtang gJJ^S/Jf 1B Ut ^ HoMwdk 7 im Nfittel- 
der Ventflerhebungskuwe,wies,enad.denHg.3/^3B ^^XSeltoFig.lC ist sie aferdings im Be- 
und 3C entstehen wOrde. In diesem Fall smdauch te ^ff££l£ gXmtenen Honlwelte 7 ange- 
AuslaBventfleunteretoander getrennV w™*"*"*- 15 ggS SeiSsdhe lH^chnitten. Aus dfcser Schnh- 
R*4Bzeigtdieschem^ SnSnunT^ eindeutig%u ericennen. daB durch ^ 

erhebungskurve ^V^^^S^'SSSS^ h^desBlentersSver^iedeneBewegungenauf dem 
gungsmechanismusbeim &nsatz des Motors abator ne flbertrag en werden konnen. 

bremse bei zwei verschiedenen und bebebig gewahlten ye ™™™ md 2B £ ein weitere8 erfindungsgemaB 
Bremsleistungen. L„n,rc..»ii,, n p Her Ventil- auseebildetes Anwendungsbeispier in Draufaeht und 

I*««^^^2*^232^iS23S. Senansicht mit Schnht D-2> dargestellt Es handelt 
erhebungskurve des erfindungs gemaBen . Jentolbetau ^ ^ Hebelannen ausgestatte- 

gungsmechanismus, wenn beabsiditujt wv4 , emen TeU ™"° e ^ d in der Lage ^ zwei Ventile zu beta- 

des sich bereits im Zylinder befindhchen .Arbertsme- ^^^S^^B^XmiM^^an 
diumswahrenddesKompress.onstaktesw.ederzurflck 25 

in das Ansaugsystem zu drucken. vi«ok™ in dieser Beschreibung der Einfachheit balber auf zwei 

In der Fig. 1 A ist mit einer Nockenwelle 1 1 on Nc<*en mcheier Bescnr b Kombi 
16 einstttckig ausgebildet der n zetfb cher AtrtmnWB be aUgte ^JJ^^ ben|heB( nur „. 

auf die Drehbewegung <ier JgJJ^S^Sl „ ^e XSuerzeiten aufweisen. Der Kipphebelarm 2 
(nicbt dargestent), also der Motordrehzahl. 30 ?! w|ederi|lll 5chw enkbar angebracht und enndglicht es 
Ein Kipphebel 3 ist zwischen semen beiden lEnden auf J vnederum^c des 8 variablen Nockens 16 ab- 

einer KipphebelweBe 4 fW*V^oJw^ J^^^ db l^V«lfc*^dj«KW ? 
parallel ist Der Kipphebelarm 3 hegt nut toHiU belarmen 22 und 27 betfitigt werden, zu ubertragen. Mit 

Lfindlichen axial ^^.^^^^S 35 ^S^^M^^^^W^^^ 
Ende sich eineexzenmscheG^^ 35 * e ™o ^ fflr ^ Drehzahle n erreicht Um 

dem Ende des Schaftes ernes TeUervenU tetl i urn gepa^ie Ventae des Eintesses 

das Ventil zu dflnen und semen SchbeBhut zu steuern. « nu ? zu fc | ti 4 h rie a^bron zu offnen, an- 
Durch die FOhrungsachse « die f ^ am K,pphebdarm3 getremU ™ b *^ en ; sc hBeBen.berindetsichim Kipp- 
befiDd>U*irdeinw^l^bto2rf^^ gek^»efaSSterer erTmdungsgemaBerMechanis- 
gefflbrt Das Ende >des ^^^^^Z * mutSaSch zu der am variablen Nocken 16 abgeta- 
desNc^ensl6abtastet,kannubera>egan^ SaS^m. die auf beide Kipphebelarme 22 und 

Nockensgef^twerden,umjenad.gew^ «fg™Z^^ + i^fc&QM& 

tilerhebungskurve diese m Verbmdung mit demJUppr ^ ^s Exzenters 28 am Kipphebelarm 22 im Gegensatz 
hebelarm 3 auf das Ventil 11 ubertragen^u kdnnen. ^^.^^^^^^i^TJyeTSBdvtvfer- 
Diese zu flbertragende Ventaerhebungskurv* , « zurGtoal ^^f^^J^^Sde^^en: Etes Ex^nter 
durchdiejeweyigeStellungdesEKenter^9,d^ f^^SfS der ExzlnterantriebsweUe 23 befin- 
Exzenterantriebswelle 10 angebracht ist beeinfluBt 24. d asMmies^aui 

Dies geschieht folgendermaBen: Die -n^-g-" JSuSL gSr^werden. Die jeweili- 

Hohtwene 7, an deren Ende s.ch erne eK^ntrische Glert- ^ ^ a ™ n m d „ a | X2e ; ters 24 wirf vom Obertragungs- 
flache 17 befindet, tastet f% iem A ^ ^„T1 Su?S faVSSien 30 sich im. Kipphebelarm 22 
brachten Abnehmer 8 die SteUung des Exzenters 9 ^ab. Jg^SSSS^iS auf den Exzenter 28 Obertra- 
Durch die daraus erfolgende axrale Drehung der Hoh^ befmdet, aog ew«« ^ ehie Zahnstange 29. 

weUe 7 dreht sich auch die an Dir ebenf aDs starr ange- ^en. D S es gescment^e angebracht ist 

brachte exzentrische Gleitflache 17. Es k5nnen somit S e ^SESi»ttet«< 
befiebigvideverscbfeden^ » ^^^^^^Sy^^Dzesnm 

sammengestellt werden. Die Spiralfeder 18 (mcht ge- einer wew mn Syner teflwehen Drehung des Exzen- 

Lage ist, aus ihrer Fflhrung herauszugle.ten. Die Bewe- ^^^^SSS^ werden. Wenn keine Erhe- 
gung des Exzenters 9 und Ae Bewegung des Kvphebe- J ,e f ^"e gewLcht wird, so kann der Kipphe- 
laras2kannelektrisch,mechanisch f pneumatochoder es ^^^^^S rdes Nockengrundkreises 21 

W«^^^f^Tffi-S3S gSenk"wSen!im^ 
ffitullgeXn^ ^SdesMoJsalsBremse^Andererseitsistes 
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naAI^^undHg^RWerJStderlOpphebclannW beitetflbe keine ZOndawewr 
dareestellt in Verbindung mit dem schwenkbaren Kipp- 5 ™"*™}?£^ ut Dte Kurve b verschiebt das Dreh- 
hSSS 2 «»d dessen ^^^^fS; L d^oberen I^eteabJbereich. Die 

hend aus der FOhrungsachse 6 und der Fflhrung20- JMfflnn d ^ e b „ m den 

AuchsmddieKipphebelfOtayn^^dd.elOpphebel- ^^^S^^^nwifb^mn^ 
Whrung34unddieKipphebelachse33dargesteUt Smntar^tS 

^tS^^^^^^f^ 10 SSSmSSC werden. to unteren und mhtlcren 
Bes AusfOhrungsbeispiel dargestellt Es zeigt dp. Tefl ^™ ist es ^ to 5gKch, den Motor ohne 
eines Kipphebels 42, der sich zwischen KipphebelfQh- ^teaWDereicn^ M be treiben, da die 

rung 34 und Nocken 16 befindet Der Nocken 16 *t ^SJ*^ J groBe Oberschneidung aufwmen 
nicSwiem denyorangegangen^ ^^ 15 SSiieSungsw^ 

sondern konvenbonell ausgebildet Uber seine gauze » ""7 . k 

Breite kann nureine feste Steuerzdtabgenommenwer- ste = W ««™J ^ 3e ^ 4e EmlaBventilerhe- 
SumnunfOrjedenBetriebszustandAegewfins^ J^^^^^ 

ooSmierte Steuerzeit zur VerfOgung stellen zu konnen, J"»g™J£gL w ; rden . Sie sind aus der Vieteahl 
Keser dargesteUte Teil des KipphebeL mJ emem au R*2A erzeugt ™^ ^ ^ 
erfindungsgemaBen Mechamsmus ausgestattet Dieser 20 oer iut ^ui wiDkurlich herausgenom- 
Mechankmus bewirkt eine gewflnschte Versch>ebung for erne ^ ehzah i k6nne „ sie sich beliebig 

dT N c<*enbewe^ JSS^fJ [Xdmalhub oder Oberschneidung 
an dem Obertragungselement 43 befindet, je nach Be- veranoern, ^ ^ ^ ^ Aus iaB- 

Seb^ustandoderNockenweUenstelhmg ^ JentflerhLnglkurve zusammen. die auch den Be- 

undfunktioraertfolgendennaBemAmBtzenter S ^das 25 ™^ ^ e B n erfindungsgemaB angepaBt werden 
vonderExzenterahttiebsweUeW ^^Taberegal.obessk* nun urn ein oder mehre- 

steteinObertragungskeaflAeBewegungdes^ ^ n fle hLdeltfsie haben f Or jede DrehzaW unterem- 
ters 9 ab und Obertragt sie auf das ^rtragungsele re ven ^ ^ ^ nach dem ^ 

ment43, M de S senEndesichdieNockenbe 3 mgs a ^ a ber dann fQr alle AuslaBventde 

nehmerflache 44 befindet Urn nun ^ertoder^ daB 30 ™£tMit dieser Anordnung entsteht in den Zylm- 
durchdenrotierenden Nocker ^*» 0ber Wf^' Brennraumen die berehs beschriebene Orall- 

ment 43 seinen Kontakt zum ^ertragungskej 41w des Arbeitsmediums. 

liert, ist eine Spiralfeder 35 so angebracK daB sie das ^g^g^^^t sich darin von Fig. 4C. daB es 
ObmragungseWrit43stand^^^ R *. SdJSh ist, neben den EinlaBventilen auch 
kefl 41 drOckt und somit unkontroluerte Bewegungen 35 *° r ™£^^ 

des Systems unterbindet Das Obert^gunB^^ J ^ ™ der beabsichtigte Dralleffekt noch star- 

oK^nfTfllk so anfiebracht daB es durch die Funning *s ~ au TT\™ 

23fi^^5i^I^^t ke nX2igt die prinzipielle Ventilerhebung bei der 

90ber die Ercenterantriebswelle 10 erfolgt wiederum v ™*22^^ * Bremse. Die EinlaBventile 
bSg -elekUis^mechanisclv pneumatisch, hydrau- 40 Je™^^ 

^tB zeigt eine Sehenansicht der Fig. 3A mK dem Nacl ^^^^^S££S^^ 
ScSt>l-AHiersieht m andeutHchdiePos,t,onender nen ^SchtigTenBrenuwirkung ver^ 
aemente des voranbeschriebenen Systems, wie Ober- ^f^™^ au V 7a und 8a hervorgeht Gegen 
E^ungselement 43, Spiralfeder 35, Obertragungskeil 45 wert «nd Jj»J«^ schBeBen ^ MeAer . Am ^Beginn 
44 Oder des Exzenters 9 mit Exzenterantnebswelle 10 Endedes Aus^ ^ ^ ^ nacfa ^ 

"Sh 3C zeigt drei verschiedene Stellungen der Nok- sichtigter Bremswirkung. verschieden weit und lang 

kenbewegunpabnehmerflache 44 bei gleicher Stellnng nach6a |und9a fi . d Offaensdes 
de?Nock^l6,sodaBdr«vonbeBebigvielenVentfler- 50 -^^Send des Kompressionstaktes darge- 

nfbungskur.enerzeugtwerdenkSnneata EmlaB J^S^ta ^^usschnittder AuslaBventilerhe, 
. 46 der Nockenbewegungsabnehmerfiache 1st auch die zeirt eine EinlaBventilerhebungskurve 

z«geWrigeStenui«desKipphebelarm42^^ RtoTbtliebffBeSe^ 

Die Anordnung nach denRg. 3A bis 3C kann auch als fin ^SSlSJSeder geschlossen hat, wird das Ein- 

das Ventilschaftende oberhalb der Anordnung ange- ^^^a^ ge5 ffnet urn einen Teil der be- 
bt Ck 4A ist mit X der Bereich gekennzeichnet, in reits angesaugten Ladung wieder in den Ansaugtrakt 
^ilSAV^'^uiagim^m^ zurQckzuschieben. 
den beliebigenBetriebszustand eines beliebigen Motors eo 
befinden. Eingegrenzt wird dieser Bereich von den Ven- 
tilerhebungskurven fur den optimalen Start des Motors 

mit la fur das AuslaBventil und le fur das EinlaBventil 
gekennzeichnet, einerseits und mit der Ventilerhe- 
bungskurvc fOr die maximale Leistung, gekennzeichnet 65 

mit2ound2eandererseits. .... 
In Rg.4B sind drei verschiedene Venulerhebungs- 

kurven fflr ein- und denselben Motor dargestellt, wie sie 
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Valve Operation Mechanism for an Internal Combustion Engine 



In order to make optimal use of the energy contained in the fuel during all 
operational states of an internal combustion engine, said internal combustion 
io engine is equipped with a valve operation mechanism which makes it possible 
to operate the components, such as e.g. valves, controlling the gas exchange 
optimally for any operational state. 
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Patent Claims 



1 . A valve operation mechanism for an internal combustion engine with at 
least one cylinder/piston unit, with at least one outlet and the respective 

5 supply and discharge systems for the working medium, characterized by 

an arrangement for the optional and regulated (or controlled) change of the 
operation of the inlet and/or the outlet, the arrangement having at least one 
changeable parameter in the form of a characteristic diagram or a 
characteristic curve which can be combined in any arbitrary way. 

10 

2. The valve operation mechanism according to Claim 1 , characterized in that 
the parameter or parameters can be designed to be oscillating, rotating or 
linearly moved in character. 

15 3. The valve operation mechanism according to Claim 1 , characterized in that 
the movement of the parameter or parameters is implemented using the 
controls of the engine manually by hand and/or also automatically, 
mechanically or computer-controlled. 

20 4. The valve operation mechanism for an internal combustion engine 

according to Claim 1 , characterized in that the engine can be installed in a 
motor vehicle and that the movements of the parameter or parameters are 
actuated by a rod working in conjunction with the motor vehicle brake. 



25 5. A valve operation mechanism, in particular for use with an engine 

according to any of the preceding claims, characterized in that the part or 
parts of the system can change its or their position between its or their 
guide and the cam contacting surfaces on the valves and the cams 
necessary to produce the respectively desired valve movement. This 

30 positioning can be brought about by pivoting and/or rotating the system or 

parts of the system. 
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6. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the system 
has eccentric or similarly shaped cam contacting surfaces and/or 
movement transfer elements to produce the desired valve movement, 

5 which can be used as required to produce the respectively desired valve 

movement. 

7. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the 

10 mechanism is equipped with at least one joint or a special form (or shape) 

enabling the system to convert the movement produced on the parameter 
or parameters into a desired valve-typical movement. 

8. A valve operation mechanism, in particular for use with an engine 

15 according to any of the preceding claims, characterized in that the system 

makes it possible to make optimal use of the pressure vibrations of the 
working medium over the whole range of revolutions and loads by means 
of ideal valve strokes and adapted valve timing. 

20 9. A valve operation mechanism, in particular for use with an engine' 

according to any of the preceding claims, characterized in that the system 
enables operation of the engine with lean mixture concepts. 

10. A valve operation mechanism, in particular for use with an engine 
25 according to any of the preceding claims, characterized in that the 

movement of the parameter or parameters js regulated by hand and/or 
automatically dependent upon the engine revolutions. 

11. A valve operation mechanism, in particular for use with an engine 
30 according to any of the preceding claims, characterized in that the 

movement of the parameter or parameters is regulated by hand and/or 
automatically dependent upon the engine operating load. 



12. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that this engine 
is an internal combustion engine and the system can be used to regulate 
the composition of the outlet gases, 

1 3. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the engine 
used is an internal combustion engine and the system serves to improve 
the combustion of different fuels. 

14. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the system 
makes it possible, with the compression stroke, to press part of the 
working medium already present in the engine's combustion chamber back 
into the supply system of the working medium by means of the piston 
moving towards the top dead center. 

15. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the 
arrangement can also be used to brake the engine. 

16. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the system 
is used to vary the effective compression ratio of the engine. 

17. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the system 
serves to vary the effective capacity of the engine. 

18. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the system 
is used to improve starting of the engine. 
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19. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the inlet 
and the outlet are respectively formed of one or more valves and that the 
system varies the duration and the timing of the valve opening. 

5 

20. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the inlet 
and outlet are formed respectively of one or more valves, and that the 
system varies the degree of the valve opening. 

10 

21 . A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the valve 
play is regulated by the system by hand or automatically during operation 
dependent upon temperature and/or dependent upon the revolutions 

15 and/or dependent upon the load and/or according to any other factor 

important for valve play. 

22. A valve operation mechanism, in particular for use with an engine 
according to any of the preceding claims, characterized in that the mixture 

20 regulation components restricting the flow and vibration of the intake air 

are operated to produce the operating supply air thread, even with 
carburator units or injection units without slide valves or throttle flaps or the 
like. 

25 23, A valve operation mechanism, in particular for use with an engine 

according to any of the preceding claims, characterized in that the system 
makes it possible to cut off individual or several cylinders on a multi- 
cylinder engine in order to reduce the effective capacity. 
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Description 

The invention relates to a valve operation mechanism for an internal 
combustion engine with at least one cylinder/piston unit with at least one inlet, 
5 at least one outlet and the respective supply and discharge systems for the 
working medium. 

It is desirable to have engines with variable control times and/or valve strokes. 
With an engine equipped with this type of system, a whole range of advantages 
10 are provided. 

An engine with a controllable variable compression ratio makes it possible to 
change the ratios with a cold engine or when starting the engine, by means of 
which starting is easier. The method and the extent of the desirable change 

15 depends largely upon the type of engine used. For example, with a pre- 

compressed or turbo-compressed compression ignition engine, according to the 
diesel process, an increase in the starting pressures would compensate the lack 
of charge pressure due to the ineffective charge. A further, and perhaps more 
important advantage of an engine with a variable compression ratio would be 

20 that the fuel is always burnt with an optimal compression ratio for a given 

operational condition, and in this way fuel is saved. (It can basically be said that 
the higher the compression ratio, the greater the achievable work with the 
combustion of a given quantity of fuel, see Annex A). 

25 Engines are designed for this type of compression ratio in that they function 
correctly under the most advantageous conditions, normally with a low number 
of revolutions and with a high load. In fact, these conditions only occur for a 
small part of the total operational life, and so by changing the compression ratio 
upwards during other operational conditions, more work could be achieved with 

30 the same quantity of fuel. With known designs, it is necessary in order to 
change the engine compression ratios to physically change the engine 
geometry, this change mostly not being easy and hot achievable 
instantaneously when the engine is running. 
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It is the object of the invention to produce an internal combustion engine with 
which the changes to the engine geometry described above are not necessary. 
The engine should have a variably effective compression ratio and/or a variably 
5 effective capacity. According to a further development of the invention, the 
engine should have working chamber valves with variable lift and opening 
durations. Because engines are nowadays built with a capacity with which the 
maximum performance required is achieved, the possibility of reducing the 
effective capacity in a case in which the maximum performance is not required, 
10 means that fuel is saved and the life of the engine is extended due to lower 
combustion pressures. 

Most engines have fixed valve settings which are a compromize of different 
ideal settings for different operational conditions. It can therefore be seen that 
15 the use of one or more parameters would make possible optimal valve settings 
under all operational conditions, by means of which improved efficiency per 
volume and consequently better fuel utilisation and/or correspondence with the 
required exhaust gas emission values under different operational conditions are 
achieved. 

20 

Furthermore, it is the object of the invention to provide a device for an improved 
fresh charge composition in 2-stroke engines. This relates e.g. to 2-stroke 
engines, the outlet of which is formed by valves in the cylinder head or in the 
cylinder wall. The effectiveness of two-stroke engines depends to a significant 

25 extent upon the proportion of air/fuel mixture and residual exhaust gases in the 
cylinder content. Furthermore, it is also important how the relevant charge 
components are mixed and distributed during combustion. An improvement in 
the content composition control therefore leads to improvements in the 
mechanical effectiveness and consequently to fuel savings. By means of the 

30 improved mechanical and thermo-dynamic effectiveness of the engine designed 
according to the invention, the engine should have wide applications. 
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According to a further development of the invention, it should be possible with 
the engine to use different fuels. 

The aim of the invention is fulfilled by an internal combustion engine of the type 
5 described at the start, which according to the invention is characterized by an 
arrangement for the optional and regulated change of operation of the inlet 
and/or the outlet, the arrangement having at least one parameter which can be 
changed. 

10 The engine comprises a parameter control, the effect of which is that the 

respective valve stroke and the lift can be varied optionally and in a controlled 
manner, even when the engine is in operation. In the following description, 
engine is to be understood as being any form of an engine with which 
expansion cycles are used, including pumps, and valve is to be understood as 

15 being any type of a controllably enlargeable or reduceable opening or 

passageway, including mitre valves, ball valves, casings and throttle flap valves, 
slide valves, slits, ports, etc. 

The invention relates in particular to combustion engines of the internal 
combustion engine type, including two-stroke, four-stroke, plunger piston 
20 engines and circular piston rotation engines, diesel and Otto engines, pre- 
compressed, turbo-compressed engines, and those with fuel injection. The 
invention also relates to external combustion engines such as steam engines, 
Stirling and Rankin cycle engines. 

With the invention, the effective compression ratio and/or the effective capacity 
25 is achieved by the optional and controlled discharge of part of the fresh charge 
already present in the cylinder/cylinder head or by limiting or advancing the 
fresh charge flow, the arrangement according to the invention having at least 
one changeable parameter. In the description, different embodiments of the 
invention are described with which a distinction is made between the variation 
30 of the compression ratio and the capacity on the one hand and the provision of 
the invention as a valve operation mechanism for improved control and/or 
change of the inlet and/or outlet on the other hand. This control and/or change, 
which is achieved by a variable valve stroke and variable valve control timing, 
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provides an effective change to the compression ratio and/or capacity. 
According to the invention, the compression ratio and/or the capacity is 
changed by the device described below. A conventional engine is designed 
such that its parts work with a fixed geometry, by means of which a pre- 

5 determined quantity of fresh charge is taken in. This quantity corresponds to 
the cylinder capacity. This cylinder capacity generally relates to the geometric 
configuration of the engine, and is defined as the borehole cross-section x 
stroke x number of cylinders, furthermore as the capacity, but in this description 
it relates to the quantity of the charge actually taken in under normal or desired 

10 standard or optimal working conditions which are described in the following as 
the effective capacity. 

An engine with a borehole cross-section of 50 cm 2 and a stroke of 10 cm thus 
has a conventionally described cylinder capacity of 500 cm 3 , although in the 

15 case of a natural intake engine, it actually contains less charge volume, 

measured with an external ambient density, for example 450 cm 3 , and when it is 
a charged engine, with more charge, for example 800 cm 3 . These actual 
charges are called here the cylinder capacity or the effective capacity. If the 
engine described above has a cylinder head volume in the top dead center of 

20 the compression stroke of 50 cm 3 , then the engine has a geometric 

compression ratio of 1 1 : 1 . It can be seen that the two examples above have a 
true or effective compression ratio of 10 : 1 or 17 : 1 . According to the 
invention, it is proposed that this effective compression ratio be optionally 
varied, controlled by discharging part of the charge already taken in during the 

25 compression stroke. It can be seen that upon discharging 50 cm 3 in the case of 
the aforementioned natural intake engine, only 400 cm 3 of charge remains for 
realising the work, and this means a reduction of the effective compression ratio 
from 10 : 1 to 9 : 1 and a reduction of the effective capacity from 450 cm 3 to 400 
cm 3 . It is proposed to implement this discharge by optional and controlled 

30 opening of a volume provided for this, connected to the working volume, or in a 
preferred embodiment by means of the second opening of a valve provided in 
the engine, such as for example the inlet or outlet valve. A device which brings 
about the second opening will be described later. Alternatively, the discharge 
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can be implemented by optional and controlled delayed closure of the inlet 
valve up to a certain duration of the compression stroke. If the discharge is 
implemented by the second opening of the inlet or outlet valve, the second 
opening control time can be chosen such that it coincides with the so-called 
5 pulse effect, the positive and negative pressure waves, in the inlet and outlet 
systems. 

An altered process for changing the effective compression ratio and the 
capacity of an engine is the optional and controlled acceleration of the closure 
10 of the inlet valve or the reduction of the opening degree of the inlet valve, by 
means of which the charge intake is reduced. 

The main consideration in my deliberations, which I see as being realized by the 
invention, relates to the idea that it is necessary with today's energy shortages 

15 and constantly rising fuel prices to convert the fuel used in the best way 

possible into work. Conventional engines only partially realize this conversion 
of the energy contained in fuel into mechanical work. Economically, these 
engines only function in very narrow ranges of their operational spectra. 
Outside of these ranges, fuel consumption either increases ^proportionately 

20 highly in relation to the work implemented, or the engine requires an 

excessively large amount of fuel in order to be able to carry out its working 
cycles at all in the desired way. Necessities for inevitably increased fuel 
consumption are e.g. full load enrichment of the mixture with full acceleration or 
high loads in order to prevent self-ignition of the cylinder content which ruins the 

25 engine, or tapping in the case of Otto engines. On the other hand, it is also 
appropriate to eliminate dangerous high speed tapping which also has fatal 
consequences for the mechanical parts of the engine. This is prevented 
conventionally by reducing the compression ratio from the start, and this in turn 
corresponds to deterioration of the energy yield of the fuel. 

30 

Equally, high speed tapping can also be prevented by mixture enrichment, 
which also promotes consumption. Just from these two examples it can be 
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seen that conventional engines do not function economically with their fuels in 
the manner required by them. 

Equally, conventional engines function by producing their torque. curve. The 
5 specific consumption curve can be taken approximately from the torque curve of 
an engine because it develops approximately indirectly in proportion to the 
torque curve. A car engine of the upmarket medium category with e.g. six 
cylinders and a total cylinder capacity of 3000 cm 3 produces e.g. its highest 
torque with an average number of revolutions, e.g. with 3500 rpm; above and 

10 below this number of revolutions, the torque decreases more or less. If the 
driver now wants to use the full output of supposedly 145 kW with 6500 rpm^ 
this only happens by increasing the number of revolutions; If one now wants to 
operate the car in town traffic, the best torque with 3500 rpm can not be used 
sufficiently because town traffic, with its speeds of 0 - 50 km/hr does not often 

15 allow, or does not allow the engine at all to operate in the most favourable 
torque range because 3500 rpm already signifies the upper end of town traffic 
speed. 

It is precisely at this point that the invention finds its use. The valve operation 
20 mechanism which I have invented makes it possible to reduce or to increase the 
torque over the whole torque line when required. In order to achieve this, the 
valve operation mechanism is designed so that the valves can be constantly 
operated such that the different mixture vibrations and exhaust gas vibrations 
are used optimally over the whole revolution range for filling and emptying the 
25 working cylinders and the combustion chambers. This is achieved by a 

combination of ideal valve strokes arid valve control times for each number of 
revolutions with which the engine is operated. On the one hand, the load 
vibrations can be stimulated in the lower revolution range e.g. by means of 
shorter control times, less valve control time overlaps and smaller valve strokes, 
30 and be better utilized. On the other hand, the throttling which occurs with a 
fixed valve control geometry in conventional engines in the upper revolution 
range can be prevented by longer control times, greater valve overlap and 
larger valve strokes in an engine designed according to the invention. The 
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invention makes it possible to combine any form of control time with any valve 
strokes, and any valve overlaps for any number of revolutions used and any 
load. Care must of course be taken to ensure that the valves lifted by the valve 
seat do not collide with the pistons running in the cylinder. 

5 

How these chosen combinations are brought about is described in detail below. 

A further important aspect of how fuel energy can be better utilized is building 
engines which can be operated with lean mixture concepts. This is also made 

10 possible by an engine designed according to the invention. The valve operation 
mechanism makes it possible with e.g. a multi-valve engine such as e.g. an 
engine equipped with four valves per cylinder, for the two inlet valves and the 
two outlet valves to each have different control times and/or valve strokes 
and/or valve overlaps. In this way it is e.g. possible during the intake stroke to 

15 supply an ignitable mixture via the first inlet valve, and to introduce a lean 
mixture via the second inlet valve, even after the first valve has closed. By 
means of the rotation of the mixture in the combustion chamber which has 
deliberately been brought about, it is possible to place an ignitable mixture in 
the region of the spark plug, surrounded by lean mixture, which ignites after the 

20 ignition on the flame front which is formed and makes its contribution to 

production of work. After the expansion stroke when the outlet stroke begins, 
the rotation of the exhaust gases through a time-displaced opening of the outlet 
valves can be further intensified and used for improved flushing of exhaust gas 
and residual exhaust gases from the cylinder and for refilling with fresh charge 

25 which mixes to a lesser degree or not at all with the residual exhaust gas. 

This form of application of the valve operation mechanism according to the 
invention can also be transferred to diesel engines or multi-material 
compression ignition engines. It has a greater effect here upon the swirl of the 
30 fresh air taken in and intensified cleansing of residual exhaust gases from the 
cylinder and the combustion chamber. This form of application of the invention 
can also be transferred to charged engines. 



13 



Another embodiment of an engine designed according to the invention consists 
of the valve operation mechanism making it possible to cut off one or more 
cylinders of a multi-cylinder engine during operation. This form of application of 
the invention makes it possible to bring single cylinder capacity 
5 cylinder capacity of the engine to a standstill, step by step or abruptly, such that 
they can not participate in work production. Even when the cylinder or cylinders 
which have been brought to a standstill are not participating in work production, 
their mechanical parts such as pistons, connecting rods etc, must still be driven 
by the working cylinders because they are not mechanically separated so that 

10 at any time they can be put back into operation. A certain drag force is 
therefore also brought about by the working cylinders which in turn must be 
deducted from the output produced. If one were to cut off cylinders of a 
conventional engine, this drag force would comprise mechanical friction, intake 
resistance, compression work and exhaust work. If the engine is designed 

15 according to the invention, only mechanical friction and intake resistance 
remain, enormously reduced, because the engine only intakes via the outlet 
valves during the intake stroke, said valves being optimally opened, and 
changeable openings possibly being located in the outlet manifolds, said 
openings providing short routes for the intake air. The inlet valve or the inlet 

20 valves are closed with the cut off cylinders during all strokes. The compression 
work falls to a minimum because the valve or the valves of the outlet remain 
optimally open during the compression stroke. The exhaust work also falls to a 
minimum because the outlet valves are also optimally open. The required drag 
force of an engine designed according to the invention thus falls to a minimum 

25 and is not in proportion to fuel that is saved. 

According to the invention, the already described engine of a car of the upper 
medium category is operated with a cylinder cut-off. Thus, in order to start the 
engine from standstill or to operate it in town traffic at low speeds, e.g. three 
30 cylinders can be brought to a standstill with a total cylinder capacity of 1 500 
cm 3 . The advantages gained in this way are obvious. For starting, a small- 
scale starting motor can be used instead of a low capacity battery. The exhaust 
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gas emissions in town traffic are also considerably reduced, which is very good 
for the air quality in inner cities, quite apart from the amount of fuel thus saved. 

An important criterion for the economy of an engine is the valve clearance set. 

5 With too little valve clearance, the valves and their valve seat rings are 

destroyed, e.g. by the substantial increase in mechanical loading, and also due 
to heat expansion during operation. The valves strike hard against their valve 
seat rings, and thus destroy the valve and the valve seat ring. It can also lead 
to undesirable extension of the valve shaft. The strong impact or positioning of 

10 the valve seat on the valve seat ring can also lead to renewed, here 

undesirable, start-up of the inlet or outlet valves. The renewed, uncontrolled 
start-up of the valves leads to a loss in compression because unutilized fresh 
charge escapes into the outlet and/or into the inlet, and so is not involved in the 
combustion. The fresh charge present in the cylinder does not bum under the 

15 intended conditions due to the reduced compression ratio. The same 

disadvantages arise due to the already described destruction of the valve seats 
and valve seat rings. Here, due to the substantially reduced sealing capability 
during the compression stroke, parts of the fresh charge escape from the 
combustion chamber. The expansion thrusts of the already ignited working 

20 medium may also be converted less completely into work because part of the 
thrusts escape through the inlet and outlet. The same disadvantages must also 
be taken into account with excessive valve play. It is possible for an engine 
designed according to the invention to optimally correct the valve play during 
standstill and during operation dependent upon the decisive factors for valve 

25 play, such as e.g. temperature and/or load and/or revolutions. Wear and tear 
following demanding operational performance and/or extreme loading can also 
be included and taken into consideration. 

According to the invention, the valve operation mechanism can also be used on 
30 an engine as an engine brake. On sloping roads e.g. it is possible to use the 
braking effect, which can be controlled manually or automatically, increased or 
reduced as one wishes, in order to slow down a vehicle. Normally, only the 
conventional braking system, which consists of brake discs and/or drum brakes, 
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is used for braking. With continuous use, e.g. on mountain passes, there is the 
risk of overheating and so of the brakes failing until they cool down. If one uses 
the engine designed according to the invention to provide assistance with or 
total braking, the conventional braking system is unburdened and remains as a 
fully functional safety reserve. The engine, designed as a brake, can also be 
combined with an anti-lock system for the vehicle wheels in order to be able to 
make optimal use of the engine's braking performance. If the engine designed 
according to the invention is used as a brake, the arrangement could be formed 
as follows: During operation as a brake, the inlet valves are closed during all 
e.g. four strokes, if the engine is designed as a four-stroke engine. During the 
inlet stroke, the outlet valves, dependent upon the brake line, are more or less 
wide open. The compression work can thus be varied in any way during the 
compression stroke and used for braking without fuel being unnecessarily burnt. 

In order to supply an engine according to the invention with operating supply air 
mixture, it is possible by means of the valve operation mechanism designed 
according to the invention, as well as conventional carburator and injection 
units, also to use those which do not provide any load regulation and/or 
revolution-dependent fresh air supply, but only the desired enrichment of the 
fresh air with fuel. Throttle valves, slider valves or similar components 
regulating the passage of air can be dispensed with because the valve 
operation mechanism designed according to the invention allows and makes it 
possible to produce the respectively ideal valve opening cross-section by 
means of ideal valve control times and valve strokes for every combination of 
revolutions and loads. Advantageously, the effect of using e.g. a carburator 
without a throttle valve is that the flow of fresh charge in the intake system is not 
unnecessarily restricted with all numbers of revolutions and loads. The mixture 
formation is also not unnecessarily disrupted by early swirl, and the desired 
mixture composition is guaranteed during the whole operational spectrum. 
Moreover, the intake system can in this way be optimally designed for 
favourable flow, and this means that there is minimal intake resistance in the 
intake system. 
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Annex A 

With certain internal combustion engines, for example with Otto engines, the 
risk of tapping combustion with the aforementioned compression ratio and so 
5 excessive load is very high. Therefore, e.g. with passenger cars, dependent 
upon the type, a compression ratio of approx. 8-10:1 is chosen, dependent 
upon the engine characteristics. A requirement for this is that the engine is not 
associated with tapping combustion in any operational ranges, even when 
subjected to maximum loads and full acceleration. This is the measure for the 

10 compression ratio to be used. Outside of the range where there is likely to be 
tapping, it is possible however to further compress the engine. This is wise 
because up to approximately 15 : 1 the thermal effective level increases to 
approximately 48%, and the fuel is therefore substantially better utilized than 
with e.g. 8 : 1 with a thermal effective level of approx. 37%. This is an increase 

15 of approximately 30%. A further increase of the compression ratio is only wise 
under certain conditions because the thermal degree of effectiveness only 
increases insubstantially by approximately 2 - 3%. 

In the following, embodiments of the invention are described using drawings: 

20 

Fig. 1 A shows a side view, partially in section, of an example of an embodiment 
of a valve operation mechanism according to the invention. 
Fig. 1 B shows the section B-B through the valve operation mechanism from 
Fig. 1 A, not to scale. 

25 . — 

Fig. 1C shows the section C-C through the valve operation mechanism from 
Fig. 1 A, not to scale. 

Fig. 2A shows the top view of a further example of a valve operation 
30 mechanism designed according to the invention. 

Fig. 2B and Fig. 2C show side views, partially in section of the valve operation 
mechanism shown as a top view in Fig. 2A. 
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Fig. 3A shows the side view of a further example of an embodiment of a valve 
operation mechanism according to the invention, partially in section. 

Fig. 3B shows a front view, not to scale, of Fig. 3A with the section A-A. 

5 

Fig. 3C shows a section of the valve operation mechanism from Fig. 3A and 
Fig. 3B in any three configurations to a respectively same position of a cam. 

Fig. 4A shows two valve lift curves for any engine, for the smallest and the 
io maximum number of revolutions. The hatched region marked X between the 
two curves marks the region of the innumerable and as many valve lift curves 
as one wishes for all other numbers of revolutions. 

Fig. 4B shows three valve lift curves of any engine for three different application 
domains: 

15 Curve a = production engine design 
Curve b = sports engine design 
Curve c = racing engine design 

Fig. 4C shows a schematic representation of the valve lift curve, as would result 
20 with Fig. 3 A, 3B and 3C. The outlet valve curves or curve are/is in this example 
synchronous and can not be changed among themselves or separately. 

Fig. 4D shows a further schematic representation of the valve lift curve, as 
would result with Fig. 3A, 3B and 3C. In this case, the outlet valves can also be 
25 changed separately among themselves. 

Fig. 4E shows the schematic representation of the valve lift curve of the valve 
operation mechanism according to the invention when using the engine as ah 
engine brake with two different brake powers of any choice. 

30 

Fig. 4F shows the schematic representation of the valve lift curve of the valve 
operation mechanism according to the invention when it is intended to press 
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part of the working medium already present in the cylinder back into the intake 
system during the compression stroke. 

In Fig. 1 A a cam 16 is formed integrally with a cam shaft 1, and the former can 
rotate in time with the rotating movement of the crank shaft of an engine (not 
shown), i.e. the engine revolutions. A rocker arm 3 is mounted between its two 
ends on a rocker arm shaft 4 which is parallel to the cam shaft. The rocker arm 
3, along with the axially cut hollow shaft 7 located on the same, on the end of 
which there is an eccentric sliding surface 17, rests against the end of the shaft 
of a mushroom valve 1 1 in order to open the valve and to control its closing 
stroke. By means of the guide axis 6 which is located on the rocker arm 3, a 
further rocker arm 2 is guided pivotally. The end of the rocker arm 2, which 
scans the form of the cam 16, can be guided over the whole width of the cam in 
order to be able to transfer this to the valve 1 1 , dependent upon the desired 
valve lift curve, in connection with the rocker arm 3. This valve lift curve to be 
transferred is influenced by the respective position of the eccentric 9 which is 
attached to the eccentric drive shaft 10. This happens as follows: The axially 
cut hollow shaft 7, on the end of which an eccentric sliding surface 17 is 
located, scans by means of the collector 8 fixed rigidly to it, the position of the 
eccentric 9. By means of the resulting axial rotation of the hollow shaft 7, the 
eccentric sliding surface 17 also applied rigidly to it also rotates, Thus, as many 
different valve lift curves as one wishes can be brought together. The spiral 
spring 1 8 (not shown), which is located in the rocker arm 3 and which is used 
according to the same principle as the spiral spring 35 in Fig. 3 A, holds the 
axially cut hollow shaft 7 so securely on its guide 49 that it can pivot axially 
dependent upon the position of the rocker arm 3 and the position of the 
eccentric 9, but is not able to slide out of its guide. The movement of the 
eccentric 9 and the movement of the rocker arm 2 can happen or be controlled 
electrically, mechanically, pneumatically or hydraulically. This type of drive is 
sufficiently well known such this it will not be specially discussed here. 

In Fig. 1B the section B-Bfrom Fig. 1 A is shown, not to scale. The Figure 
shows a section through the central part of the axial hollow shaft 7 along with its 
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guide 49 and the rocker arm 3 to which the guide 49 is attached. Fig. 1 B also 
shows the eccentric 9 along with the eccentric shaft 10 and the collector 8 for 
the transfer of the eccentric movement primarily to the hollow shaft 7 and 
secondarily from the eccentric sliding surface which is attached to the hollow 
5 shaft 7 on the valve shaft 11 (Fig. 1A). 

Fig. 1 C shows the section C-C from Fig. 1 A. Fig. 1 B corresponds to Fig. 1C 
apart from the arrangement of section C-C. In Fig. 1B the hollow shaft 7 is 
sectioned in the center point. In Fig. 1C it is however sectioned in the region of 
10 the sliding surface 17 attached to the axially sectioned hollow shaft 7. From this 
section arrangement, it can clearly be seen that by rotating the eccentric 9, 
different movements can be transferred on the valve shaft 1 1 . 

In Fig. 2A and 2B a further example of an application designed according to the 

15 invention is shown as a top view and a side view with the section D-D. This is a 
rocker arm equipped with three lever arms which can operate two valves. 
These can be two inlet, two outlet or one inlet and one outlet valve. For the 
sake of simplicity, I am restricting myself in this description to two operated inlet 
valves because the two other combinations are based on exactly the same 

20 principle, but just have other valve control times. The rocker arm 2 is once 

again fitted so as to be rotatable, and makes it possible, as required, to scan the 
form of the variable cam 16 and to transfer to the two valves which are operated 
by the rocker arms 22 and 27. With this arrangement alone, the effect of control 
times adapted to all numbers of revolutions is already achieved. In order to 

25 make it possible now to operate the two valves of the inlet separately, i.e. to 
open, lift and close them again asynchronously, there is in the rocker arm 27 a . 
further mechanism according to the invention. In addition to the movement 
scanned on the variable cam 16 and which is transferred to both rocker arms 22 
and 27, the movement of the sliding surface 37 of the eccentric 28 on the rocker 

30 arm 22 can be changed contrary to the sliding surface 38 of the rocker arm 27. 
This happens as follows: The eccentric 24, which is secured onto the eccentric 
drive shaft 23, can be rotated, as required, electrically, pneumatically, 
hydraulically, mechanically, etc. The respective position of the eccentric 24 is 
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scanned by the transfer bolt 25 which is located in guides 30 in the rocker arm 
22, and transferred to the eccentric 28. This once again happens by means of 
a toothed rack 29 which is securely attached to the end of the transfer bott and 
engages in a toothed wheel 26. This toothed wheel is connected securely on a 
5 shaft with the eccentric 28. Because it is possible that with a partial rotation of 
the eccentric the transfer bolt 25 could lose its contact to the eccentric 24, which 
means uncontrolled valve lift curves, the transfer bolt 25 is constantly pressed 
by a spiral spring 35 against the eccentric 24. In order to guarantee faultless 
action, oil boreholes 31 can be applied by means of which the lubricants are 
10 supplied. If no valve lift is desired, the rocker arm 2 can be pivoted into the 
region of the cam base circle 21 , e.g. in the case of inlet valves when using the 
engine as a brake. On the other hand it is possible to pivot it into the region of 
the greatest control time 18, e.g. with a lasting full load. 

15 Fig. 2C shows a further side view of the example according to Fig. 2A and Fig. 
2B. Here, the rocker arm 27 is illustrated in connection with the pivotal rocker 
arm 2 and its pivot mechanism, consisting of the guide axis 6 and the guide 20. 
The rocker arm guide 34 and the rocker arm guide 34 and the rocker arm axis 
33 are also shown. 

20 

In Fig. 3 A a further example of an embodiment according to the invention is 
also shown. It shows the part of a rocker arm 42 which is located between the 
rocker arm guide 34 and the cam 1 6. The cam 16 is not variable, as in the 
preceding examples, but conventional in form. Over its whole width, just one 

25 fixed control time can be taken. In order to be able to provide the desired 
optimized control time for every operational state, this illustrated part of the 
rocker arm is equipped with a mechanism according to the invention. This 
mechanism brings about a desired displacement of the cam movement collector 
surface 44 which is attached securely to the transfer element 43 to change 

30 according to the operational state or cam shaft position, and functions as 
follows: On the eccentric 9 which is driven by the eccentric drive shaft 10, a 
transfer cotter 41 scans the movement of the eccentric 9 and transfers it to the 
transfer element 43 on the end of which the cam movement collector surface 44 
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is located. In order to prevent the transfer element 43 from losing its contact to 
the transfer cotter 41 due to the rotating cam 16, a spiral spring 35 is attached 
such that it constantly presses the transfer element 43 onto the transfer cotter 
41, and so prevents uncontrolled movements of the system. The transfer 
5 element is also attached such that it can move precisely through the guide 45. 
Once again, the eccentric 9 is driven by the eccentric drive shaft 10 either 
electrically, mechanically, pneumatically, hydraulically, etc. 

Fig. 3B shows a side view of Fig. 3A with the section A-A.. Here, one can 
10 clearly see the positions of the elements of the system described above, such 
as the transfer element 43, the spiral spring 35, the transfer cotter 44 or the 
eccentric 9 with the eccentric drive shaft 10, etc. 

Fig. 3C shows three different positions of the cam movement collector surface 
15 44 with the same position of the cam 16 so that three of any number of valve lift 
curves can be produced. In the position 46 of the cam movement collector 
surface, the corresponding position of the rocker arm 42 is also shown. 

The arrangement according to Fig. 3A to 3C can also be used as a swing arm. 
20 In this case, the valve shaft end is attached above the arrangement. 

In Fig. 4A the region in which all of the optimal valve lift curves for any 
operational state of any engine are located is marked with X. This region is 
limited by the valve lift curves for the optimal start of the engine with 1 a for the 
25 outlet valve and 1 e for the inlet valve on the one hand, and with the valve lift 
curve for the maximum performance, marked with 2a and 2e on the other hand. 

In Fig. 4B, three different valve lift curves are shown for one and the same 
engine, as is offered nowadays by the tuning industry. Curve a shows a series 
30 valve lift curve for performance in the middle revolution range. The engine 
processes the fuel over the whole revolution range, not optimally, but no 
misfiring or similar occurs. Curve b already displaces the torque into the upper 
revolution range. Curve c displaces the greatest torque into the range of the 
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maximum number of revolutions, and is only suitable for pedigree racing 
engines which are operated almost exclusively in this range. In the upper and 
middle revolution range it is not possible to operate the engine without misfiring 
or similar because the control times have too much overlap, and faultless gas 
5 exchange can not be guaranteed. 

In Fig. 4C, two inlet valve lift curves are shown by 3e and 4e, as produced e.g. 
with the arrangement from Fig. 2A. They are taken arbitrarily from the large 
number of curves to be produced for all operational states for any number of 

10 revolutions. For another number of revolutions, they can change in any way as 
regards e.g. maximum stroke or valve overlap. They work here together with an 
outlet valve lift curve which can also be adapted according to the invention to 
the operational states. It does not matter here, however, whether there is just 
one or several valves , they have among them the same curve for each number 

15 of revolutions which changes according to the operational state, but is then the 
same for all outlet valves. With this arrangement the already described swirl 
movement of the working medium occurs in the cylinders and the combustion 
chambers. 

20 Fig. 4D differs from Fig. 4C in that it is also possible here to control not only the 
inlet valves, but also the outlet valves differently from one another. In this way, 
the intended swirl effect is activated more strongly. 

Fig. 4E shows the main valve lift when using the engine as a brake. The inlet 
25 valves remain closed during all strokes (not shown). After the working stroke, at 
the start of the outlet stroke, the outlet valves open as normal, but with different 
width and duration dependent upon the intended braking effect, as shown by 7a 
and 8a. Towards the end of the outlet stroke, they close once again. At the 
start of the intake stroke they open again, with different width and duration 
30 dependent upon the intended braking effect, according to 6a and 9c. 

In Fig. 4F the possibility of the second opening of the inlet valve during the 
compression stroke is shown. 10a shows a section of the outlet valve lift curve. 
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8e shows an inlet valve lift curve for any operational state. After the lift curve 9e 
has closed again, the inlet valve is opened for a second time, as required, at the 
start of the compression stroke in order to push part of the charge which has 
already been taken in back into the intake system. 
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